Biotic homogenization, due to the long history of human migration, invasions and trade, blurs the difference between native and alien species, such that the origin of many species introduced in newer habitats and geographical areas during ancient times is uncertain (Nentwig 2007) . Homogenization of flora and fauna around the world is a matter of great concern, as a number of species continue being transported by human beings around the world, and these organisms are replacing regionally unique organisms resulting in the loss of overall diversity that defines bio-geographic regions (Scott & Helfman 2001) . Homogenisation is frequently ignored; as species 'gains' are seen as 'habitat improvement'. Increase in local species diversity however is often due to range-expanding habitat generalists that invade biological communities at the expense of rare, endemic and other native species (Rooney et al. 2007 ). Invasive alien species (IAS) are the second major cause of extinctions of native and endemic species around the world (Wilcove et al. 1998) .
Non-native fish are introduced around the world mainly for improving fisheries, sport, ornamental fish trade and bio-control of the mosquito (Bijukumar 2000) . Transport of live fishes across the globe to nurture the aquarium industry has been on for at least a century. However, the recent focus on the trade as a possible means of sustainable livelihood poses a dangerous threat. The aquarium trade has not come under the scanner of environmentalists, conservationists, ecologists, and policy makers as much as trade in terrestrial endangered species (Naylor et al. 2001; Chapman et al. 2003; Padilla & Williams 2004) . The avenues from captivity to the wild include the dumping of unwanted fishes, escape from tanks and breeding farms perhaps during storms, and unchecked drainage of water containing organisms from tanks, and public aquariums (Padilla & Williams 2004) . Such organisms are usually healthy adults, and have a greater probability of surviving and reproducing in the wild.
Introduced fish frequently alter the aquatic ecology by changing water quality and also cause the extinction of native fish by predation and resource competition (Pimentel 2002) . Introduced aquarium fish represent a major source of ecological destruction that may be locally alarming if ignored (Liang et al. 2006) . A number of fish species also hybridize with one another in the wild diluting the wild genetic stock leading to long-term introgression of gene pools (Pimentel 2002) .
The Convention on Biological Diversity (CBD) and the IUCN guidelines on invasive species
The article 8(h) of CBD prescribes measures to "prevent the introduction, and control or even eradicate those alien species which threaten ecosystems, habitats or species". The International Union for the Conservation of Nature (IUCN) defines IAS, as "a species that becomes established in natural or semi natural ecosystems or habitats and can be an agent of change that threatens biological diversity". IUCN has also put forth guidelines to address four substantive concerns of the biological invasion problem. These guidelines were framed in the year 1994 to update IUCN's position statement on "Translocation of Living Organisms". These guidelines were adopted by the IUCN council in the year 2000.
Customs, quarantine and other measures taken to safeguard against diseases and pests are inadequate to prevent species that threaten biodiversity from entering a country. The main aim of the IUCN guidelines is to move away from the older system that deals mainly with agriculture and human health and focus on preventing the loss of native biodiversity caused by IAS. The IUCN guidelines on IAS specifically emphasizes the following: -improving understanding and awareness; -strengthening the management response (including prevention, eradication and control); -providing appropriate legal and institutional mechanisms; -enhancing knowledge and research efforts (IUCN 2000) .
Invasive ornamental fish in peninsular India and their ecological impacts
Tilapias and the major carps are good examples of invasive food fishes. But there are many other species of non-native fish that have started establishing local populations throughout peninsular India thanks to the flourishing aquarium trade. Ornamental fishes ranging from the tiny guppy fish (Poecilia reticulata) to the large and aggressive Red Piranha (Pygocentrus nattereri) have been recorded in southern India (Bijukumar 2000) . In addition to P. reticulata, ornamental fish such as Osphronemus goramy, Xiphophorus maculatus have been recorded from the Chalakudy River, a biodiversity hotspot in Kerala (Raghavan et al. 2008a,b; Krishnakumar et al. 2009) .
Trichogaster trichopterus, a species of Southeast Asian gourami, commonly called the Three-spot Gourami has naturalized around Chennai (Daniels & Rajagopal 2004; Daniels 2006) and around Vembanad Lake in Kerala (Krishnakumar et al. 2009 ). There is virtually no information on the ecological impacts of the Three-spot Gourami in its introduced range. The species is an opportunistic carnivore and is territorial and aggressive. According to Liao & Liu (1989) the species was strongly suspected to be a resource competitor that caused decline in populations of the endangered Chinese Barb, Puntius semifasciolata. Being a bubble-nest brooder and an air breather, the gourami has the potential of establishing itself in stagnant waters rather rapidly. The two species of native gouramies Colisa fasciatus and Colisa lalia are much smaller. Locally, Trichogaster trichopterus and Colisa lalia tend to co-exist (Daniels 2006) .
Another gourami called the Giant Gourami (Osphronemus goramy) has also been reported in peninsular India. This large-sized gourami was introduced into Chennai (Madras Presidency) in the year 1866 (Raj 1916 ) and other parts of peninsular India such as Maharashtra (Bombay Presidency) and Karnataka (Mysore State) as well (Bhimachar et al. 1944) . It was also introduced into India to control aquatic macrophytes and is a voracious feeder (Petr 2000) feeding on plant material (Raj 1916; Bhimachar et al. 1944) , insects and other fishes (Raj 1916) . It has successfully established itself in the wild and has been recorded in Kerala (Raghavan et al. 2008a ,b), Hyderabad (Chandrasekhar 2004 ) and the Adyar River in Chennai (Eric Ramanujam pers. comm.). Giant gouramies are fast growers and survive in polluted water as they are air breathers (Raj 1916) . Gourami are known to carry pathogens such as the lymphocystis disease virus which can be transmitted to native fishes (Whittington & Chong 2007) .
In Chembarampakkam, a lake in the outskirts of Chennai, Lepidocephalus guntea a species of loach which was unknown in this region earlier has outnumbered the native Lepidocephalus thermalis. The non-native loach could have been brought in by the aquarium trade or by the interlinking of Krishna waters and Chennai drinking water reservoirs (Daniels & Rajagopal 2004) .
Carassius auratus commonly called the Gold Fish a popular aquarium fish has found its way into natural waters in peninsular India. C. auratus was reported from Maharashtra (Bombay) as early as 1878 but with uncertainty (Day 1878). But a more recent record of C. auratus from Pune, confirms this species has established itself in the wild (Rema Devi 1987) . The bottom sucking feeding habits of C. auratus which resuspends nutrients and the stimulation of blue-green algae passing through their gut causes algal blooms which leads to fish mortality (Morgan & Beatty 2004) . They are known not only to increase turbidity and deplete aquatic vegetation thereby reducing spawning sites for native fish but also feed on eggs, larvae and adults of native fish (Richardson et al. 1995; Rowe & Smith 2001) . Gold fishes are also known to transmit pathogens and parasites to native fish (Fletcher & Whittington 1998) .
Pterygoplichthys multiradiatus has been reported from Kerala (Daniels 2006; Krishnakumar et al. 2009 ) and the presence of these tropical American Catfish (Loricariidae) in the Adyar River, Chennai was first reported by Eric Ramanujam (pers. comm.). I have recorded P. multiradiatus popularly traded as "suckers", establishing local populations in other wetlands around Chennai. The ecological effects of Pterygoplichthys sp. include disruption of aquatic food chain by overgrazing on the benthic algae and detritus, decline in abundance of native species due to competition and egg destruction, mortality of shore birds due to choking by the dorsal and pectoral spines, changes in aquatic plant communities due to substrate ploughing and tail lashing, and bank erosion caused by the nesting burrows (Hoover et al. 2004 ). In the U.S., where suckers are established locally, major efforts have been made to destroy the populations as they may pose a threat to native fishes. Loricariid catfishes are known for their parental care of eggs and fry, and their gluttonous algae-eating habits. They may exceed lengths of 25cm as adults (Schrey 1992) . Not only do these fishes with parental care ensure better survival of their young, adults too have very few predators. The bony armour on their bodies and the spines on their pectoral fins make them a difficult prey to feed on. The armour is reportedly strong enough to even damage fishing nets (Krishnakumar et al. 2009 ).
Another group of introduced fishes that have spread in the freshwaters of peninsular India are the tropical American livebearers. The mosquito fish (Gambusia affinis) and guppy (Poecilia reticulata) were first introduced as larvicidal fish in an effort to control malaria (Daniels 2002). P. reticulata has been recorded from freshwater habitats of Pune (Wagh & Ghate 2003; Kharat et al. 2003) , Karnataka (Krishnan et al. 2004 , Rema Devi et al. 2006a , Kerala (Narayanan et al. 2005; Raghavan et al. 2008a,b; Krishnakumar et al. 2009 ), Tamil Nadu (Rema Devi et al. 1997; , the Eastern Ghats (Rema Devi & Indra 2003) and the Wetern Ghats (Rajmohana & Radhakrishnan 2009 ). Guppies are widely sold in the aquarium trade for their wide variety of colours. P. reticulata is considered a hazard to native cyprinids and killifishes in the United States and Africa due to egg predation and competition (Courtenay & Meffe 1989) and to native damselflies in Hawaii due to larval predation (Englund 1999 that P. reticulata prefers other insect larvae to mosquito larvae in the presence of alternate prey (Manna 2008) . It is a known carrier of trematode parasites and iridoviruses which may affect native fish populations (Leberg & Vrijenhoek 1994; Whittington & Chong 2007) . It is known to eat the eggs of native fish species and act as a host for the parasitic nematode Camallanus cotti, and the Asian tapeworm Bothriocephalus acheilognathi in Hawaii (Eldredge 2000). Livebearers are closely related to the panchaxes that are found in peninsular India. However, the livebearers, as the name suggests, produce live young and hence multiply rather rapidly. Gambusia, a livebearer has been suspected of affecting the population of Aplocheilus lineatus in the Mula and Mutha rivers in Pune. This is possible because both are surface feeders and can compete with one another. But the ecological advantage that Gambusia has over A. lineatus, is that it is viviparous while the latter is oviparous (Wagh & Ghate 2003) . Moreover Gambusia and Poecilia reticulata appear to be more tolerant of pollution than the native fish (Wagh & Ghate 2003; Karat et al. 2003) .
Aquarium trade has augmented the introductions of live bearers further by adding the swordtail (Xiphophorus helleri) and the platy (Xiphophorus maculatus). X. maculatus has been recorded from Kerala (Krishnakumar et al.) and hill streams of the Western Ghats (Daniels 2003; Raghavan et al. 2008a,b) while X. helleri has been recorded from Pune (Kharat et al. 2003) and Kerala (Rema Devi et al. 1996 ). An Australian study showed swordtails, in combination with other poeciliids, displaced native rainbow fishes and blue-eyes by fin-nipping (Warburton & Madden 2003) . Similar deleterious competitive interactions have been reported from other countries following the species introduction (Goren & Galil 2005) . Courtenay et al. (1988) also suggested that aggression by introduced swordtails was responsible for the decline of the Utah sucker, Catostomus ardens, in a thermal spring in Wyoming, USA. Englund (1999) implicated swordtails and other introduced poeciliids in the decline of native damselflies in Hawaii through larval predation. IUCN, Conservation International and Nature Serve (2006) listed introduced swordtails as a major threat to an endangered amphibian, the Blue-sided Tree Frog, through tadpole predation. Whereas the mosquito fish is widespread in the plains of peninsular India, the others are locally common in the streams of the Western Ghats. Interestingly, in the Western Ghats, the guppy and platy tend to share the habitat with the equally colourful endemic barb Puntius melanampyx (Daniels 2003) .
Although most of the man eating tales of the Red Piranha (Pygocentrus nattereri) have been reduced to realistic proportions (Sazima & Machado 1990) , the piranha still is a voracious predator. P. nattereri was brought into India illegally by the aquarium trade (Bijukumar 2000) and has found its way into the natural waters. Piranhas in non-native waters of North America triggered the use of rotenone to kill all fishes in the water bodies. A similar situation arose in peninsular India during the year 1998 (Express News Service 1998), but no steps were taken as there were no proper guidelines framed (Bijukumar 2000). Piranhas are shoaling predators which not only feed on smaller fish but also occasionally take a bite out of fins, scales and muscle of larger fish, in the process mutilating them (Sazima & Machado 1990 ). As they are predators, they not only eat up small native fish but also tend to compete with the native predatory fish (Bennett et al. 1997) such as Channa striata, Wallago attu etc.
Until now only one genus of African Cichlids (Oreochromis) was known as invasive in India. However a new cichlid Amphilophus trimaculatum which belongs to a diverse group of South American cichlids formerly classified as Cichlasoma has been recorded from the "Rettai eri" in Chennai (Knight & Rema Devi, in press ). This species, a common aquarium fish widely sold as "Flowerhorn" for its Feng-shui value is a product of hybridisation between different South American cichlids classified as Cichlasoma and Amphilophus species. The Flowerhorn was bred in Malaysia during the second half of the 1990s, and exactly which South American cichlids are its ancestors is maintained a trade secret. Its origin has of late has caused a lot of speculation, and a number of theories have been put forth to resolve it. One of the theories suggests that the Flowerhorn Cichlid was artificially created in a Malaysian genetics laboratory by combining genes from a Goldfish with genes from the Trimac Cichlid (A. trimaculatum). The most plausible origin however suggests the result of hybridization between the Trimac Cichlid and other South American cichlids such as Midas Cichlid (A. citrinellum), Red Devil Cichlid (A. labiatum) and Red-headed Cichlid (Vieja synspila). As with the mouth-brooding Tilapia, there are no native freshwater fishes that display similar parental care (Daniels 2006). The Flowerhorn is likely to emerge as a greater invasive than the tilapia. The Flowerhorn is known to grow to almost 30cm in length; even a well grown Tilapia would not stand a chance against this marauder. As the Flowerhorn belongs to the cichlid family, it exhibits excellent parental care which ensures a high survival rate of the young ones. The Tilapia is an omnivore but the Flowerhorn is a predacious fish which eats smaller fish. It can easily destroy all the small fish in its habitat. If this fish, by chance finds its way to the Himalayan region or the Western Ghats, which is possible due to mega river linking projects the results would be disastrous, as these regions support aquatic habitats richest in diversity, harbouring the largest number of endemic species (Nautiyal 2005).
The road ahead
One-third of the aquatic species on the IUCN Invasive Species Specialist Group's list of the 100 worst invasive species (Lowe et al. 2000) are from aquarium or ornamental releases. At present, over 150 species of vertebrates, invertebrates, plants, and microbes (including pathogens) that have invaded natural ecosystems and have been documented, come from aquariums and ornamental aquatic culture. The vast majority of these are freshwater fish, other taxa from aquarium and ornamental releases are underestimated (Welcomme 1992) . Released aquarium or ornamental species displace native species (Ceccherelli & Cinelli 1997) , and carry pathogens (Stewart 1991 , Whittington & Chong 2007 .
It has been reported that 22 species of alien ornamental fish have established breeding populations in the waterways of Australia (Whittington & Chong 2007) . Not less than 300 exotic species are traded in India. There is no regulation to this trade and there is lack of data on the ecological impact of alien fish species. Some studies clearly show that there is a relationship between frequency of fish sold in aquarium stores and their introduction and establishment in freshwater habitats (Duggan et al. 2006) . This is true as we can see guppies, swordtails, platy, sucker catfishes, gourami and the flowerhorn which are very popular fishes among hobbyist, have now successfully established in peninsular Indian waters. The lucrative aquarium trade will never be environmentally sustainable unless the consequences of escapees are considered. Regulations to prevent unwanted species introductions from aquarium and ornamental sources currently lack authority. A white list of native or safe alternative aquarium and ornamental species will help prevent unwanted introductions (Padilla & Williams 2004) .
Ornamental invasive fishes have been recorded from the Chalakudy River in the Western Ghats which is a biodiversity hotspot under threat. The presence of four 'habitat specialist' critically endangered species and sixteen endangered species makes this river a high priority area for implementing urgent conservation and management measures (Raghavan et al. 2008a) . It is widely accepted that prevention is the most effective means of reducing the future costs of IAS. Although invasive aquarium species and ornamentals are a major concern, the guidelines, position statements and policies of the IUCN and the International Council for the Exploration of the Sea (ICES), currently lack teeth (Sandlund et al. 1999) . The Convention on International Trade in Endangered Species (CITES) falls short of protecting aquatic habitats from invasions because it deals only with the trade in listed endangered and threatened species.
The aquarium trade industry is well organized, while those concerned about its environmental soundness are not. Thus, collaboration with the industry is essential for educating buyers, sellers, and the public, certifying stock, and preventing species from being released. Agencies concerned with the protection of coral reefs have had success working with aquarists through the Marine Aquarium Council to develop an international certification system for the quality and sustainability of marine aquarium species. This system of certification and best-practice guidelines must be expanded to cover wholesalers and retailers such that they trade "invasive-free" products and avoid dealing with close relatives of established invasive species. In addition, certification that aquatic ornamental cultivators and large-scale aquariums sterilize their outflows and take active steps to prevent the accidental release of species is essential. Educating both retailers and hobbyists about invasive species and the steps they can take to reduce the risk will have an immediate impact (Padilla & Williams 2004) . Unless stringent measures are taken to monitor the aquarium fish trade and the accidental release of exotic species into our waters; man-made tanks and lakes will soon emerge as breeding grounds for invasive fish that will eventually wipe out our native freshwater fishes. Indigenous fish populations can be sustained by culture and rehabilitation of endangered species taking into account the critical need to conserve the genetic diversity (Sreekantha & Ramachandra 2005) . 
